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T}IEUS!”;()!?LASEI{S Foh ACCELEHAT(IR DTAG!::?.3’!’ICS:

1. FH,liK!IWAl{YCC)I;CHP’I’S

J. P. Aldrid~e and ‘f.D. Il;lyv:::t’d
I,nsAlamc):;Scientific I,nhoratory

LOG Alamns, NM 8“/5115

IFITlfo!JucTI!lrJ— —.— .

The comin~ development of hi.Ehcurrent lin(?ar

requires Improvement in diagnostic instrumentation

ac~?r’lrr;ll.orsfor H inn:;

thqt will permit.accurate

detxrminati-on or the occupied phase space. We propn:;f+to us? a laser pEoto-

detachm~~ntmt;thodto provide this new capability.

The use of a lil:l(:r for mc:iluurin,qcmit~ancc ~rowth in piirt~clf?acc(3l.-

erators js ba~(:don prcxlucinf;a n(!utr:llspecies fl’omt}lr:particle being acc,:l-

Crated. In this wny the influcncu Or tk accelet’atort:le]octrie and m:.iunetic

field: a.r:flL!_.<space char;;u~rf~~tti of th~ r)ernninin[;bcar~on tt]cparticle tra-

jectory cc;,:::~.ttht?point of production. Thus, it is possible to prc)i)cIthe

bc:lmconri({urati.onat pointfinormally inaccessiblc to diagnostic instruments

~u~h a3 in the accc]cr;~tion[;apof a linac or within a drift tllbe. The only

perturbatioriintroduced by tkleusc of such a diaflnnst.icis th~t produced by

the small hole required to introduce th[?li({htinto the cavity.

In this paper, we explore the filnclmentalprocesi~.?sthat are operative

and cons?dcr limitations to the accuracy of measurements usinc th~s diag-

nost~c. Questions h be addrecscd subsq:lcntly include the experimental ar-

ran[!cmentrequir~d to reconstruct the detailed beam profile from the measure-

ments at aevcral angles.
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The N(i:YAG laser prcwluce!; a photon of energy 1.16 CV (a = 1.064 IJm) that

is sufficimt to rr:rt!ovfi the extra electron f’rom }l-. The 11- bindin[{ cncr~:+

is 0.”/5 d.’ This Ia:;!:r can km mo(!c-1.ocknd to produce pul:;es ;In short as

25 ps. (A more normal conr i Curat.i on is a pulsed [Q-switched] laser thnt. h+~ a

bc controlled with approxl.mately nanos~c:ond Jitter.) ‘I’he

is carrif:d out with a mode l.ockinC dye in the laser’ cav-

no control over the time the train of pulses t.mgins.

This rncnns t.hnt the Iifiht pulse itself must bo used as a trj~~er for %ub-

seqlmnt events. Amon~ such event% are switchjnC n sin~le pul%e ol~t or the

tra5n, trir~!rrinfl fast clutccLion electronic:! such as a streak camera, and

cstablishinc the rclaticmship of the liHhL pulse with respect t,> the linac

gics up to 30 mJ pcr pulne.

The cross section (u) for

are us~ng jti a cnmmcrcial laser made by Quantcl

pul:Icc at 10 pul.sc:J per second with pulse ener-

photodctachment a:l a function of wavelength is

illustrated in Fig. 1 (Hcf. 2). The Nd:YAG wavelength corresponds to the

lower side of the p~nk. The crosn section value is about 4 x 10-’7 cm2.

The fractjon, f, of 11- atxxns photodctached in a single laser pulse is re-

lated to the laser fluencc (In phot.ons/cm2/pulse) 0, by

f=l - exp(- cr@) (1)

The assumption involved in deriving this equation, that the laser intensity

does not change appreciably, ~s well satisfied for thla case. A convenient
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(2)

or 1.73 x 1016 photon:;per puloe pcr cm2. Using th~ fonmll.athat the

photon encr~y E!eV) = 1.2395/),(pm), th~.stranslates tcJ an ener~y fl.uenceof

2
3.23 mJ/cm /pul,:Ic. Thus Lhr:laser is, .inprinciplct capable!of removin~ all

2
of the H ions in a 1 cm area, a size sufficient for mcst accelerator

Raps. Houe’fer,we also would like to spatially define tihe particle beam by

f’ocll:+in~ t,hc laser to a 100 ~m (0.1 mm) diameter. (This js posoible with a 30

cm focal.lencth lens, a convenient di~tiin~~ from the accelerator axis.) The

oeam area is therlreduced to 8 x 10-5 cm2 with the con~equence that the

plJls~ e~~rfly r)~r!(]:; only ().z~ u,J pcr p!d~se f’or597 C:et;!Chl?!~nt..This drzn~t~c

omierk~]1 7;::*. nr permi W nonsider,ablc r!xpcrim~!nta~f’l~XikJ i Iity by r~f]ecti.on.

We wjll alabor:ltcbelow.

Since there is excess ener~y in the detachment prcw:czsin spectral re-

gions \:here the cross section is lar~e, the recoil.momentum of the hydrozen

atom will i.ntroclucean an.gul.arspread in the detected particle distribution.

Because the direction of the photodetacherlelectron in the cm system is ra9-

dom, this represents a spread in the momentum distribution that is a lower

limit to the H- spread that,can be detected. Figure 2 shows a veloc!itydia-

gram for the photodetachmcnt process.
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Thu:~the maximum trar~verse mcmencum of the H atom is

[ 1
2m2 Id? 1/2

Pt .—
❑ ‘2V2 = ‘l= m2/m,

ar.dan ari~ularspread is

I
1/2

AE
-%

and particle 2 is

(3)

(4)

(5)

the H atom. Thus

(6)

This curve is plotted as Fi~. 3. Although this result does not include rela-

tivistic effectk, there should hc only minor differences when these are in-

cluded. For the mcvlsurementsnear the ~nput of our test stand linac

(E = 0.250 MeV) the lower limit of angular diver~ence we can expect to measure

is about 30 pradi.anso

The fundamental physics of the diagnos~:c is extremely simple and means

that attention to development work can be directed toward areas of detectiog

and interpretation. These problems are very similar to those encountered with

other more conventional for:~:;of dia.gnostic apparatus such as wire scanners or

harps.
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TABI,EJ

APPROXIHATr;DI,SSOCJATJC)N ENEHGIES FOR }1; -~ H + H+

(From Hef. 3 for IwE - 2WU Tran~iLion)

Approximate Vertical*
Level I)issociat.ionEnergy(eV)——

ground state 10.54
(v = o)

v= 1 8.62

v= 2 7.20

v= 3 5.34

v= 4 4.32

v= 5 3.15

1175

1440

1720

2320

287o

3935

7.89

5.97

4.55

2.69

1.6’1

0.50

Rektive Intensj.ty
From Arc Source—.. —

0.30

0,83

1.00

0.90

0.71

0.46

W These values were read from Fig. 4 and thus must be regarded a; approxi-
mate. The absorption spectra will be broad so that the energy given will
be near the center of a wide distribution.

** Ground state dissociation ener~y ❑ 2.6081 eV (Ref. 5).

An interesting aside is thaL it is posoi.bletu usc the laser to detect

H: surrogatca for D+. The energy diagram is shown in FiK. 4. Due to

the Franck-Condon principle that the optical transition must be vertical, the

energy required to photodissoci.atethe H; % about 11.6 eV, well beyond

conveniently available technology for high powered lasers (~005 eV laser

photons have been produced by Harris, et a14 by frequency tripling in metal

vapors). However, for v~.brationallyexcited H;, the energy required

drops rapidly with vibrational quantum number. The distribution over vlbra- ‘

tional states for H; produced in an arc is also included in Fig. 4 (see

also Table I). There appears then to be enough population in the excited

states to be photodissociated by a visible or near uv laser.

Since the two fragments are now nea?ly equal in mass, the excess energy

is neariy equally divided and the spread becomes O % [AE/E]”2. This rela-

tion for various excited levels is presented in Fig. 5.
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‘1 Angular Dispersion Introduced To Ho

\
From Photodksociation Of H;

V=o
V=l

9~2.81/E’’2 mradians

t?X2.44/E”2 m radians

V=2 (i M2.13/E’’2m radians
/ V’3 8 W64/EJ’2 m radims

V=4 (?N 1.29 /Ei’2 m radians

(3s 0.71 /E’’2mramans

/“”

..-
–_.__-_L_... 1... .—-_L-_Y=2....-l—_ ——-——L~

I 2 3 4 5 6 7
E(MeV)

Fig. 5* Angular dispersion fro$ the
photodissociation of H2.
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FXASUREIIENISOF TRilNSVRliSE PHASE SPACE—.. ..— —

The usc of’ the laser d,ia[<nosticis to make detail,)dbeam cmittar]ce

measurements in an rf linac to evaluate s~urce:; of this Rrowth. These dD-

tai.ledIneanurt’mcrltscan be used to calibrate computer cod(:rtc,exLrapolat~ tG

other conditions.

explore parametric

full device.

The design of a hjEh current linac depends on an ability to

variations reliably previous to the final coi]structi~:! of a

The measurement of the phase space for an accelerator beam require~

determination of the six variables X,X1, y,y’, z,;, simulta.~eously(here f?

denotes dfldz = ~/~ where ~ denotes df/dt). Normally the quantities measured

are prnjectio~.scoordinate axes or pairs of variables (x,xr), (y.y’), (z,;) or

(w,!$).

The initial measurements usin~ the laser are simply +-omeasure thuse

proje:tisrz fcv the transverse directions x and y. For the y direction, the

laser beam axis lies alonf;the x direction. l’}]elaser beam produces a neut~al

beam at y = y. with a width of abol~t0.1 mm. Because of the transverse

.
velo~ity y the particl= strikes a screen at a point yf = y. + ~~/~, where

L is the fliEht path len~th and ; i:;the lonf,;tudinalspeed of the parti:les

at the ne[itralizationpoi,,t. Measurement of the pmit.ion at which thr parti-

cles strike the detector then allow determination or Lhe y’ values f~’omt,he

known yo, ;, ant!L values. The procedures for the (x,x’) ph~s[ spflce

measurements are identical with the laser axis rotaLeclby 90° in the. trans-

verse plane.

Immediate questions are what. range of y’ values are expect.?d and what

distances are required

The latter question i3

subsequent accelerator

to measure the phase space distributions accurately?

also related to limitations imposed by apertures of

structures.



z + L to establi.:; h the transverse veloclty disl, ribut~on F t z . The first
o 0

obst?rviiticm we WJ11 make js that the distribution obae?vrxl downstream from a

line source is unjquc. FiL_urt? 8 jlluot.~atea this case try showing the phy~jcal
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assume ficn:; i ti vil,y of 10 I/mm fm tho Wtwtor nnci iJ clear drift

2.5 m past thu acccl [!ratort Ltw an~ul w d i verfi(:nce mea:wrah]c is

about 10% of the oxpcctcd dl.ver[:onct~. Th~:l impli cs that char]~mr

space volum of’ about 10Z arc obnnrv;lb Ic.

These cal culatlonu arc nppl icable for a good quality beam.

rq; Ion of

40 Ilractor

in phase

If we assume

a 3 mm dlnmetcr bmm itnd an 8 mm til:lmntcr bore tube the l~mits of the detect-

able phase space Erowth can be cvalu:lt.ed by ausuming small bcnm diameter

growth. The results of such a erilcul:ltlon are given in Fig. 9.

Since the

be expected to

extracting the

manifestations of certain types of early phase spacer growth can

9 10occur later in the acceleration process I the problem of

neutrals from the accelerator becomes even lCSS important.
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/\ V/v : r,t,lt,; f, = Vf.. .

Ii(:r’(: 1, i:; LII(I f’] i KIII. p;i Ll] I crl~;l,h :lr~(l Al, i:: t,!Ir: t,im(: ]O(,::ol(ll.iofl. Thll:;,

—..

4Ap/p ❑ (At/1,, ~!’:
m

(H)

(9)

Ap/p = 2.”(’( x 10‘3 m) (lo)

This is plottvd jr-rFi[~. 10 as t.holowest.limit of the cfc!t(’ctlon fni:t. hocl. Thp

time resolution of 2 n:):;urpacsescurrently available fa::tdetector

electronics, and 10 m is probably a maximum reasonable fli~ht path length.



10-2

10-3

dp

T

10-4

10-:

BEi4M hKXi~ENTUM ANALYSIS
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/4777‘---MAX. ANALYZEF

v/

ACCEP”V4NCE

O.~m, 127°’
h’ ELECTROSTATIC 1

-V/AhlAty~~R/ /100 W/cm

/f

LlfIJ’IT
//’ /;
/’ +’” ,““

,,+./,/ ~5 MILL

.

.

.

.

LIMIT

‘STRIPPING
MOMENTUM
SPREAD

E(MeV)

Fl~\. 10. 14imftilt10nSfor momentum spread mcasurcmellts uslnc
various methods of measurements.
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al. l?’~n of’ flj$~llt

wmrc~: ohta !u:: min i mum

‘K)F will mnet many nerd:; for an:nlysl:~, particularly at lower

effect~ of devices nuch a~ bunchers and acccl. eration voltace

be most influential on beam cncr~y spread.
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1 i n~ ccl 1 c~mpo::r~d of two sphcri C!JI ml.rror~ does thi G very efft!ct iVL’1y.

cc!llshave hcen u:;qd:Ltl,ASI,to rerlect a IlcNe Ianer up to 60 t inw:: ;uI !

Sand i a Labora l.nr i IN
17

to rerl~~t. dye lauer li~hl. up to 100 timt!:: t.tl!’ull::ll

Su(!ll

:It.

Llll!

same focal. ::pot.. ,Si nc~’ mi rror:~ for 1.064 ]lIrI are avat Iabl. c w.i,th [~r~:lt.1’i’ L!l.lr]

991 rcflectivityp 470 refl cct~ons are possible berore re~lcct~nn lon::~s IWdIiCC

the intensl ty to a level hhre the H- photodetachment ceases to br (!orriplvtr

(a 1.75 ]JJ per pulne 10WI?S OIIIY 0.8Z of the origlnnl H- ionfi). Practically

then the limit to the number of passes is the cell geometry, not mirror rc-

f’lectivity.
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rw!wlllt. icm. ~y :~rranp,i n~{ t,hr: p:ILh di rfcr~:nr,.,:: r~,:. t.?!,. ] i ptll. ijp:l!~~ ~Ll i t,qhly,

t}lis mi!thor! can bc uxqd Lo f!xirrni nf: :+PVW:I1 pc ~rlt.:: i r; (1 i fmf’l.r”,:rlt. 11- hmrn

rrlinrmpultit:s au w~ll,

A method f%rr cmvcr”~. i n[! %p.~’..-r1 i nfcrm:lt. i rm U) L irr:~, i rlvr:! iPCI:: LEc ugf? of-

!’ibcr optics to provic!p th:! timv clclay. Si II(:?Stt:.v i ndiw or r(:fr;ic!:, im of the

fihcr:- in nbout, 1.s, t}l,~r~:in nbrXJL II.5 n:;d~:l:Iyp[?rmr:t.f!rOr ~;lb~m. Thll~

]!H}It,ob~;t:rv~,dby ~:~(:]1f i~J!!l’ f!fin bc Cli$171y(?dto form a Lime d(-,~l:ndrrlt ::i[:nal on

ir hi~tl [~n“in ch:v !cn such a:; n phcJtr,nul t.ipiim tllhpby re;l:;rJ]l[l!J~ I? ]Cn~Lh5 Or

~a~~qo ::, + -:-~’.... ~...- al so UW: the” fjhcr as the :;cj rlt i ll;ltor and rnikv a fiber

Op::c k.:r?.

ELECTRIC FIELD DKTE1{;IINATIOHS—--— .-...—-- __--___________..

The TOF app:matn:: al low detc.’mi nat~ on o!’ electric fi CICIS in the gaps.

For our aceeler.? tnr the ~:ip to cell length i:; approximately ~. The electric

fields in the ~iip can hc expected to raru~c from approximately 15 to 40 IW/m.

For a 0.1 mm beam, the beam :Jprcad will correspondingly be 1.5 to 4 keV true to

electric field variation acrom th~ ]asf?r beam spot. At 250 kV near the low

cner[?y cnd of the accelcr:ltor F.WE ~ 1/250 or A~ k 1 keV. (The electrostatic

analyzer has much better resolution, of course. ) Thus the electric field can

be mapped with a resolution comparable to or better than about 2% by varying

the laser position in the ~ap and obcrerving the tirne-of-fli~ht. The ion beam

energy or Ion beam spread gives local variation whil.c the T’OFvar~ation gives

the value of the electric field when the lazer was fired.
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Fig. 11. Illumination of separate pzrts of a single ~eam
r.icropulse by multipic laser PUISCS.
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(550 nr!r), ‘ripled (354 nm) , or quadrupled (266 nm)

light at hi~h intcnnity is avai lnhle. The photcv, rnl:r~:y ;:1. 266 nm is U.$1 c.Y,

hiehcr than ttw work functj. mn of coppcw’(~1to h.5 cVI. ‘i’hus clectxwms nny h-f

locally procluccd (w 25 ]Jm di:tmnlm’spof.:.:)orjLtlcelectrodes nnd uu~d to

mf:acuremlcctric ficlristJyexuridninc the x-ray end point en.’r~!y produced by

t~~ir ~:-m~z:~~‘:13?. the opp~~jltc drift Lube.

CONCLUSION-.— . . . .

We have preficntcd considerations for a laser baser? diagnostics for

accelerator parameter measurement. Our expect.ation?are

1. The phyxics of the dia~nostic are sufficiently simple that more

sophioticatcd mcti,ods of analysis than are currently used arc nat

needed to understand the results.

2. Bee:lusc the particles arc neutral follo~inq pbiotodc?tachment, YTace

charge and clectrorna~netic field effects cease at the measul.in~ point

and result~ are not distorted by post production phenomenal. These

would occur for use of conventional diagnostics with high

currents.’8’19
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